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(54) Abstract Title 

Alignment layer comprising pyranose or furanose polymer 

(57) A liquid crystal display deWce comprises first and second substances, an alignment layer including a 
pyranose polymer or a furanose polymer in the form of a cellulose cinnamate on at least one of the first and 
second substances, and a liquid crystal layer between the first and second substances. The liquid crystal 
display device is characterized by excellent thermostabtlity, superior anchoring energy and uniform alignment 
of the liquid crystal achieved in a reduced treatment time without creating any flowing effect in the liquid 
crystal. 

FIG. 1 
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A LTQurP CRYSTAL DrS?!4v OcVlC: 



Th. pr««. i,,.,,,,, ^ ^^^^^^^ 

device, a,. „ ^ , " " 

having a pf-.2tc-align.T.e-= layar. 

" U ,,.-.....Xiy ..,o... .... , u=..i. cr.v3-.al c.- 

a- isotropic molecal-s t-* 

^■l-s. T..e a^rerage direction of the long axes o' 

liTiid crystal inolecul-s ca^iow ,-• ^- 

-s ca.lsd tne diractor of che licuid 

crystal. The d'-a- j- 

d...c.oz d^scr^buticn in a liquid crystal is 

- - =-="Oring energy on a scistrata, and is 

characterized by a 

- d..e_or corraspoRding to a ainiamn oi the 

surface energy of i-i/-i.,->4 

o. t.., Uoiid crystal and the anchoring ene-gy 

Tne director is rearranged by an e'ect-ic --.'^ 

jr .T e-ecu.ic ^ie.d generated during 
=..-aUo., 3 x.^,, ^^^^^^^ ^^^^^^ 

co«pri,„ ^^^^^ ^^^.^^^^ 

therebetween. 

In general, to ob-a*-% u-»i . k - u 

o.a... uniform, brxghtness and a high contrast 

.t is necessary to align the liquid crystal oolecules 
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unifcrmly in the liquid crystal cell. Several techniques have 
been proposed using pclyrr.ers to obtair. sincle or mcnc-cicr.cir. 
hcncceneous alignment cf liquid crystals. Particularly, it is 
known that polyiniide or pclysiloxane-based materials have higr. 
quality and good cherr.ostability . The riost common technique 
employed as an alignment method to obtain a mor.o-donain liquid 
crystal cell involves forming microgrooves on the surface of the 
alignment polymer, which provides strong anchoring and stable 
alignment. In the above-mentioned technique, known as the 
rubbing method, a substrate coated with an alignsient poiyr-er is 
rubbed with a cloth. The rubbing method is a rapid method which 
can be applied to large scale LCDs, and thus is widely used in 
the industry. 

The rubbing method, however, has several serious drawbacics. 
Because the shape of the microgrooves formed on the alignment 
layer depends on tha rubbing cloth and rubbing intensity, the 
resulting alignment of the liquid crystal is often heterogeneous, 
causing phase distortion and light scattering. Further, an 
electrostatic discharge (ESD) generated by rubbing of the polymer 
surface further generates dust contamination in an active matrix 
LCD panel, decreasing production yield and damaging the 
substrate. 



BNSDOCID: <GB_2331S81A_1.> 



f 



In order to solva t'-ese 
has been proposed usi.-.g = . , 

? - .-0.a>1.5C ultraviolet U-Sr .--H. 

onto a photosensitive -^cV-^. "-'=^'^'-'=^ 

w. K. Gibbons et ai v- ,c 

' ^'"=-'-'"^' (1591,- 49 ; „. s,,^,, 

■PPJ.- Pays., 31 (1392) 2155 ; T. Ya m^-,. • 

Reznikov, Mol. Mat., 3 (icaj, „ 

«-^.3j 161 ; E? 0525478 ; a^w r c o 

'^-""a-T»ate pats.nt) . ire 

aligrjaenc capability c" 

c. .....a photosensitive polyme- ■ 

by the anisotrooy of t^e ~ho^ <^--r:=^r.ec 
.y c.ne .-hotcse.nsitivs polyire- wk^^v - 

by ultraviolet lic.^ . - 

"-ec lighw irradiation. 

In the photo-alicrjr.e.-it method an ,i • 
a. method, a.n alag.njr.ent layer is cWe-^ 

an alignment di-octior u ■ S-ve.. 

by .rradiati.,- 3 s„bstr.« coet-d w-cr . 
Pnoto-aUgn»>e„t materia- v-h . , ■ , 

linearly poiarized av Uc>- tk, 
photo-aU,n„.„t Xay„ , 

POijmer, and as Unaarly polarized ov i<as, ■ 
polv„ar Photo-poly,er.r.s 

--in, u ,a„era-a. — U..ln,. Cr.„- 

. .enera.ad a=„„, 

dlracrlon pK„o.,oly.„.. ... 

- - P--aU,„™« ,aya. ,as a . r 
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phoro-alignn>ent l^yer is determined by the direction cf tne 
photo-poly..ers. The pretilt an.le of tne phoco-alicnnent layer 
is deternvined by the incident direction and the irradia-ing 
energy of the irradiated UV light. That is to say, the pretilt 

rv-o --e---it a-Q-e of the ohoto-alicr.nent 
angle direction ana the t-e.^±c a.-g-- 

layer are detemined by the polarized direction and the 
irradiating energy of the irradiated UV light. 

With regard to photo-alignment, a po.a^-z— 
arbitrary angle on each <l==«in of th. Than, in ra.pons, to 

i..,ei.ri.no OV li5hr, the polarization direction is changed. 

a »ulti-don«in LCO cell is achia.ed with nuUlpl. eona.n, 
saving different ali,.-.nt directions in relation to each ether. 

The ohoto-alig.-.»ent =ethod, however, has several draw!,acks. 
ror exan-ola. it is i^ossi.1. to apply on a wide scope. Most 
importantly, low photo-sensitivity of the photo-aU,n..nt 
„;-erial results in reduction of anisotropy and thermostability. 

„v light irradiation ta»es a long ti.e using conventional 
t.chni<r.es; fro. approximately 5 to as long as 10 ninutes. Low 
photo-sensitivity and small anisotropy ma.e the anchoring energy 

1^,,*^ ijo;*^ Moreover, when the 
of the final photo-align-Tient layer weak. KO..o_ 

Uguid crystal is injected into the tCO. it is required that the 
injection be made at a high t.^erature. Low thermostability 
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induces a flowing e-.-.:.. 

" ' .rr..t.r""*" ^ ---- 

-.s=.-a=„. ,,.,^„^ i.^i.c=i« 

P--senw invencicr. 

----- .e..,...: ,;^^;::7' 

t:i^e invention. The oh" - ' ""'^-^^ P-'ac.ice c 

invention vili be -»,t - ^-vantages of the 

' izsd and atta-n^^ w 

appended drawincs. 

«.ibed h..-ei„. J ^^^^ «d broadly 

Pces„. i„,„,,,„ "-'^Uy d„ice of .h. 

" comprises firs- a„w 

^^i.-ent layer incladin. a ^ 

-"<2iag a pyranose o- a 

^uranose polyrner on ac 
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a '■'■-■^c crys-.al U/er bev-aer. the 
lease the first substrate, a-c a — 

,Ust and seccd substrates. ^^^^^^^^ 
licuid crystal display cevit. c. 

:o.P = isas a sec.d ali.^e.t Uy. c. t. s... 
:..3t.ate. The sec=.d ali.^e.t laye. i.cl.des a .ata... 

. consisting of a oyrer.cse cc-yrr.er, 

acted from Che grsu? couS-s— 'a 

^e^vs^ioxar-e cir.r.3.T.ata, 
« ^oLvTie- oolyvinyl cinnanate, ?c.ys-.ox 

PO........ - 

of Che incencion as claimed. 

^.^.-anci^ng of the present inver.tion. 
For a better unders^anC-ng o 

" ^ wav of example, with 
e^cdi«.ts will n=" 1== <i««-=^ 

, to the .ccompanying dr.«in55. in "h^cn: 

reference to _ , , ^lose cinnamate 

rig. 1 illustrates the synthesxs of a ce.lul 

V. ^..n^-- o* the present invent ion; 
according to an erBbodime... o- tne p 
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Fig. 2 sc^er.aticalLy illcszraies ar. emboci.-ner.c cf a sys-.er. 
of lighc irradiation cf a ?hc-c-alicr.-.er.- layer ir. accorzar.ce 
with Che prese-c ir.va.-.ticr.; and 

Fig. 3 is a seczicr.il view of ar. encoci.xer.t of a iicuic 
crystal display device according tc t^.e F'sser.t inver.ticr.. 

Referanca will new ce made in detail co the prafarrec 
erriodinients of Che preser.z ir.Ter.ticn, exa--.=les of which ars 
illustrated in Cae accoccar.yir.g drawings. 

A. liquid crys-ai display device of the prasar.t ir.var.ticr. 
will now be explained i.i detail in con^ur.ccion wich the 
accocpanying drawings . 

According to an e.'=bcdi.-aent of the present invention, ir. 
ordar to enhance the sensitivity of a photo-alignment layer for a 
liquid crystal device and obtain therniostable anchoring of the 
liquid crystal, a cellulose cianamate (CelCM) is used as the 
photc-alignment material. Several different forms of CelCN 
suitable for use in the present invention are obtained as 
derivatives of cellulose or cellulose acetate and cinnaaoyl 
chloride having various substitution ratios. 

Pyranose polymers and furanose polymers are particularly 
preferred for use as the cellulose cinnaiaates of the present 



t 
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invention. 



Pyrancss polvner«" s;::«-^^.'o * 

use *."! tr.s preser. 

are characterized bv ■ 

-y ...e .oUcwmg chefr.ical fcrr.ula: 

ROCH; RQ 

RO OR ckjOR 

wherein n is lo zo 10,000; 

R is at least or.e .T.e-,er selected f: 
~C C-Ha-i 
0 



.-lea 




of 



cm the group consiscing 




n is I to 10; 

X. and X, a.-e ,.<:H selected f.o. the ,rc.ap c=n=isti„; of 
hydrogen, n„,.i„, 

k is 0 to 1; and 

r IS «l.cc.d tr« the group con.istin, of hydrogen, 

fluorine, chlcine f-w3«^ - 

o.xne, cyano, traf luoromethyl, Crifluoromethoxy, 

C„.H,„.., and OC..H,„..,, wherein n' is 1 to 10. 

in a particularly preferred for™ of the invention, the 
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alignment la 



y«r is characceriied by 0 to ■2~'fi~C"'^'*-' 

O 



constituents pe^ oi..— , 

Pe. gl^..=.vrcnc.e ring, .herein n is 1 cc 10. 



As is well-known in ch- a-r th« --^ 

c.t, Che .our possible glucoovranos- 

con rormat: ions j?^ 

ons and c„« zou- p^sibi, jalactopyra.-.ose 

-.o^.,o„s. a,c. c. ..u. co„.,™.,,„. ^^^^^ ^, 

^he ten., ceUulcse an. „n.Xc„ ac„a.e as 
invention, a.-a uio...-.,,, ^^^^^^^^ ^ 




CHjOH 




OH 

«-«-=.PVr»... ^o-„.eop^.,„. ^,.„,„,^,„„. 




CHjOH 

0- 




^-D-Glucopyranose 






-C..=.„„ ..^U..o.._. 

n,. I ... ^ ^^^^^^^^ 

according to an eabod'-nen- of rh^ 

^ Of the present invention, a cinnamic 
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acid is first prepared by reacting a ben • aldehyde witl: nalc-ic 
acid in pyridine and piperidine. The cir.naaic acid is then 
reacted with thionyl chloride to produce a cinnaracyl chloride 
derivative. The CelCN is finally synthesized by reacting 
cellulose, or cellulose acetate, with the cinnarncyl chloride 
derivative in an inert solvent (such as chlorof onr., nitrobenzer.e, 
chlorobenzene, or the like) . The reaction mixture is diluted 
with methanol, filtered, dried in a vacuum, and irdlled by a 
vibrating mill, whereupon the CelCN is obtained. 

A process of forming an alignment layer according to an 
embodiment of the present invention comprises the following three 
steps. 

First, a polymer solution is prepared using chloroform 
(CHCl,)as a solvent. The concentration of the polymer determines 
the ultimate thickness of the alignment layer on the LCD 
substrates. To fornt a film having a thickness of approximately 1 

a CelCN solution of 10 g/1 is selected for coating the 
substrate. 

second, a drop of the CelCN solution is placed in the center 
of the substrate using a measuring, pipette, followed by spin- 
coating while centrifuging at a rotation speed of 3000 rpm for 30 
seconds. The produced film is immediately prebaked at 180 'C for 
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1 hour 



Third, the initi*'!,. ^cr,.^^^- 

V .so.ropzc poly-er filni is irradiated 

with polerized UV ---.i^^ 

-1.-. .-c.ng a wavelength X below 365 r.m to 

rencer it anisotropic, with either a cosit-:ve c- a 

intensity of OV u,ht is jbout 5 mS/cm--. 

2 iilust.-at.s . scheme of licht irradiation of a -..o- 
aUsn-^ent layer of the present invention. 
As Shewn in TLa 7 ^■ 

o_ c..e light irraaiatinc 

procedure utilizes a subsz-a-e irn 

s-s..a.e 100, a pnoco-aligrunent lay-- cq 

including a CelCN on subst-a-e 100 i 

s.-a.e 100, a larr.p ^0 for irradiazinc uV 

Ught over photo-alig.,ent layer 50, and a polarizer 30 ^c- ' 

polarizing the ligh. irradiated fron la.p lo. 

Lamp 10 is a Halogen (Kg) lama Lin^r k - 

t lamp. Light having an arerag- 

power of 500 W is t-ars-ni'-«,< *r 

t-ansmi..ed from a lens of the halogen ianto, 
polarized by polarizer m 

arizer 30, and irradiated onto photo-alignment 
-ayer 50 at a power o- S -nw /^^z * 

er o- 5 m^/cm for about 0.5 to about 180 

seconds, .ore preferably about 0.5 to abo.t SO seconds, and .o3t 
preferably about 3 to about 60 seconds. 

The alignment obtained fro. the Celc. polymers of the 

present invention has a st-ona*r Ar^h« • 

su.ong.r anchoring energy compared with 
tne alignment obta^n«d ^r/^«. 

a.n.d .rom conventional photo-alignment 
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materials- The values cf ;:h2 anchoring er.ercy of CelCN versus 
typical prior art photc-alig-T.ent materials, ir.cluding polyvir.yi 
fluorocinnamate (PVCN-r) a-d polysiloxar.e cinr.a-ate {PSCN), r.ave 
bean neasured. Tha results are shewn in the following TASLE 1: 

TABLE 1 



j Material 


Irradiation Time 
(seconds) 


Anchorirvg Energy H 
(erg/ca=) 


cellulose <- 
fluorocinnamate 


5 


greater than 10'^ 


cellulose 4- 
f luorocinnamate 


300 


greater than 10"" 


polyvinyl- 
f luorocinnaxate 


5 


3 X 10-" 


polyvinyl- 
f lucrocinnamate 


300 


10-^ 


polysiloxane- 
1 cinnamate 


5 


bad alignrnent; 
measuring failure 


1 polysiloxane- 
J cinnamate 


300 


5 X 10'^ I 



To estimate the thermostability of the CelCN, the quality of 
the aligninent layer was checked using an electro-optical 
technique. Electro-optical response, in terms of cell 
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transparency ratio between crossed and parallel pclarizers, 
anchoring energy and surface density of the aligx-nent layer were 
each measured in a twisted re:natic (TN) cell containing sa.-nples 
of the CelCN layers. The cell was heated to about 120 *C and 
kept at this temperature for 4 hours. After cooling the samples 
to room temperature, it was revealed that the performance 
characteristics were maintained unchangeably. 

Among its other ad'v^antages, the present invention thus 
significantly reduces UV irradiation time. Whereas prior art 
photo-alignment techniques involved UV irradiation for anywhere 
from 5 to 10 minutes, the present invention provides a method 
which successfully achieves photo-aligrjnent using UV irradiation 
in anywhere from about 0.5 seconds to one minute- 

Preferred embodiments of the present invention will now be 
described in further detail. Ic should be understood that these 
examples are intended to be illustrative only and that the 
present invention is not limited to the conditions, materials or 
devices recited therein. 

EXAMPLE 1 

- Synthesis cf 4-fluorocinnamic acid - 



A mixture of 0.1 .-nci iucrcbenzaldehyde, C.15 nol rr.alor.ic 
acid, ar.d 0.1 ml pipericme in 30 ml pyridine is boiled for 10 
hours, cooled, and treated with 150 ml HCl having a ic % 
coacentraticn. The precipitate is filtered and crystallized wi^h 
ethanol. The yield cf 4-f luorocinnamic acid is cS % and the 
melting point is 211 'C. 

The following compounds are synthesized in a similar rr^anner: 

2- fluoro cinnamic acid; 

3- fluoro cinnamic acid; 

3- chloro cinnamic acid; 

4- chloro cinnaniic acid; 
2-methyl cinnamic acid; 
4-phenyl cinnamic acid; 
4-methoxy cinnamic acid; • 
4-pentoxy cinnamic acid; 
4'heptyloxy cinnamic acid; 
4-nonyloxy cinnamic acid; 

4- (4-pentoxy?henyl) cinnamic acid; 
4-trif luoromethoxy cinnamic acid; 
4-trifluoromethyl cinnamic acid; 
4-pentyl cinnamic acid; and 
4-methoxy-3-fluorocinnamic acid, 
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EXAMPLE 2 



yrithssis of cc- i-.i 



A mixture of o.05 n-o^ 
cMoride, ^^^^^^^ ' — o. thionyl 

hea.ed for 24 hours a- i^o "a is 

cooled 

The reaction p..,,„„ ^^^"'-^ -'ith methanol. 

— -cerad, washed w— s „^>u 
dried in a vacuum, and s •'^e.hanol and water, 

and sabsecuenrly n;iiie^ bv . . k 
Pyranose polyr^es a-. ^^bratip.g mill. 

y«e_s are produced v 

each Of the cinnamic acid. ' '^^''''^^ '^^^""S 

^<^^ds produced in £xa-ni , 

cellulose cinnantate is an. ^''^^ ^^^^^ °f 

is approxiraatsiy 

chromatography fTLC, rev-al, 

reaction products. Cianaiaic acid in the 



EXAMPLE 3 



'-eca^e cinr.amate - 



A mixture of 0.03 mm - 

mol cxnna^oyl chloride ( 



prepared from 
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:es5 CI uTiic-y^ 

/I fcrTT.ar.ize: , O-C. 



cinr.an,ic acid producaz ir. Exa.-r.ple 1. ar. e:<=e 

chloride, ar.d cataly..-- ^ 

tnol cellulose acecate, and 0.C3 rr.cl pyri=-r.e i- ... c...-.^--. 

is boiled for 24 houra, ccciec, .nc c 

reacuion product is f--.ered, washed with rr.ethar.c. 

dried in a vacu^T.. and subsequently m.U- 

pyranose acetate ?cl-/mers are producec t... 

the ci-.aT.ic acids produced in Exa:r.?le 1. The 
usinc each tr.e ci.-.e- 

.,-,-i-'e is ascroxi.T.ately 6 = % co 5^%- 
yield of cellulose acetate cinr.ana.e is ... 

Thin layer ch.-oc^zos.-aphv (TLC, c=nx.=r.s 

acid in the reaction products. 

3 e sectional .ie- cf an e.ic.i.er.t o£ a lie... 
c-ys--al display devic. oi the pr.aer.t inventior.. 

« shown in ri,. 3. the LCa comprise, first ar.d second 

iw > r^^'n film transistor 
substrates lOO and 101, respectively, a t..-n 

inn a first aligrjner.t layer 50 
(TFT) 70 on first substrate 100, a firs. 

entirely ever X. .0 and first s.strat. 100. a s.con 

^ on seco-d substrate 101, and a l^qu-d 
iav0r SI fomed on seco..v- 
alignment layer 5- to a-es lOO 

c.ystal layer ,0 injected between first a.d second s^s.-a. 



and 101. 



■.i^st a.d/cr se'co.d alignment layers 50, 51 include a 

nolvme' for example the CelCN shown in Fig- 
pyranose or faranose polyme., to 
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1. The CelCN provides coed cr.iforT. alicr.rr.er- in a shcrc 
irradiation tinie. For example, irradiation fcr as li"-le £5 0.5 
seconds gives a stable aiigrr^enr. 

The pyranose and furanose pclvoers prefsrsbly ccr.prise tern 
photc-sensitive consriruents and non-photo-sensi tive ccr.sriruenrs 
which are composited in a specific rario. The pyranose and 
furanose polymers can be composited with only one constituent 
from each of photo-sensitive and non-photo-sensi tivs 
constituentSr or one or more different photo-sensitive anc/cr 
non-photo-sensit:iv3 constituents . 

Suitable photo-sensitive constituents for use in the 
pyranose and furanose polymers of the present invention include 
an array of cinnamcyl carivat:i^"es, which can include substituents 
such as hydrogen, fluorine, chlorine, cyano, trif luoromethyl, 
trif luoromethoxy, C^-K.^-.i, OC^.H,,-.!. phenyl and C4H,OC.vK2.v-:f ^-^-^^^ 
n' is 1 to 10, 

Suitable non-photo-sensitive constituents for use in the 
pyranose and furanose polymers of the present invention include 

various ester derivatives, such as n * wherein n is 1 to 

O 



10. 

When UV light is irradiated onto the first and/or second 
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aU9nment l.yers at leis. once. cKe 

alignment .i.-ectlcn tharaoe. .ha p.etUt an. 

angle direction ther^n* a-^ 

thereo. a.e determined and alignment stability of 

the liquid crystal is achieved. 

AS the light used in the photo-alignnent method, lig.^ in 
the av range is preferable, it is not advantageous to use 

u.npolari2ed light, linearly pola-ized lir.h^ 

y FOA«.izeo light, or partially 

polarized light. 

Moreover, it is contemplated as within the scope of the 
present invention that only one substrate of the first and second 
substrates be photo-aligned using the above-described ..ethod 

while the other substrate is not so treated if ho-h k 

u.eatec. If bOth substrates 

•r. Photo-aligned, it is „<thin the scope of the invention that 
the other substrate be treated with polya^ide or polyi^ide as the 
alignment n«t.rial and that the alignment be accomplished by 
prior art rubbin, methods, it is also possible to „s. , photo- 
sensitive material such « polyvinyl cinnamate (PVCN) or 
polysiloxane cinnanate ,PSCK, as the aUg„s„„t material for the 
other substrate and accomplish the aUg™,ent using photo- 
alignment methods. 

AS to the nature of liquid crystal layer 90, it is possible 
to align the long axes of the liquid crystal molecules parallel 
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wich the first and seconc s.=3:.-ates to pr'ocuce a hc.cc.nscus 
alignment. It is else possible to alien the Icnc axes cf the 
liquid crystal molecules perpendicular to the first a- second 
substrates to achieve a hcectrcpic alicnnent. Moreover, ic is 
possible to alien the lone axes cf the licuid crystal .clecules 
with a specific predetern-dned angle in relation to the 
substrates, with a tilced aligr„..ent in relation to the 
substrates, with a twisted alignment in relation to the 
substrates, or in an align.-„ent parallel to one substrate and 
perpendicular to the other substrate to provide a hybrid 
homogeneous-honeotropic alignment. It is thus essentially wi-.hi. 
the scope Of the present invention to apply any „:ode cf aligr^ent 
Cf the liquid crystal ..clecules in relation to the substrates as 
may be desired, such choices being apparent to one of ordinary 
skill in the art. 

The first and/or second alignment layers can be divided 
into two or more domains by creating different directional 
alignments of the lia.id crystal molecules on each domain in 
relation to the direction of the substrates. .Accordingly, a 
multi-domain LCD such as a 2-domain LCD, a .-domain LCD, and 
so on can be obtained, wherein the liquid crystal molecules 
in each domain are driven differently. 
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An LCD made ir. accordance uizh the enuDocirrrer.rs is 
characterized by excelier.c cherncscability . it is tr.us ccssicl- 
CO injecc che liquid cryscai into che iicuic crystal device az 
room temperature wr.iie preventing and avoiding any flcwinc effe^ 
from generating, as occurs in conventional techniques. 
Furtherniore, the photc-alignn^ent layer of the embodiments 
possess excellent chctcsensitivity, adhesion, and strong 
anchoring energy. As a result, it is possible to align the 
liquid crystal effectively and increase align-r.ent stability of 
Che liquid crystal. 

It will be apparent to those skilled in the art that various 
modifications and variations can be made in the liquid crystal 
display device of the present invention without departing from 
the spirit or scope of the invention- Thus, it is intended that 
Che present invention cover the modifications and variations of 
this invention provided they come within the scope of the 
appended claims and their equivalents. 
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Claims : 

1. k liquid cryszal display device, ccnprisir.g: 

first ar.d seccnc substrates; 

s first alicnaent layer including a pyrancse pclyner or. 
said first substrate; and 

a liquid crystal layer between said first and second 
substrates . 

2. The liquid crystal display device according cc claini 1, 

further comprising a second alignment layer on said 
second substrate. 

3. The liquid crystal display device according to claim 2, 

wherein said second alignment layer includes a material 
selected from the group consisting of a pyrancse polymer, a 
furanose polymer, polyvinyl cinnanate, polysiloxane cxnnamate, 
polyvinyl alcohol, polyamide, polyimide, polyamic acid and 
silicone dioxide. 

4. The liquid crystal display device according to claim 1, 

2 or 3, wherein liquid crystal in said liquid crystal layer has 
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a positive dielectric arisccrocv. 



5- The liquid crvstai Gie-i=-- ^--..^^ 

G.„^__, ^=._c:e according tc clai.T. i, 

— licuid crystal layer has 

a negative dielectric anisctrccv. 



6- The liquid crystal display device according to any 
one of the preceding claims, wherein at least one of said 
first and second alignment layers is divided into at least 
two domains, for driving u^,^ molecules in said 

liquid crystal layer differently on each domain. 

7- The liquid crystal display device according to any 
one Of the preceding claims, wherein liquid crystal molecules 

in said liquid crysta' lavot- =1,-^ k 

ysta. layer align homogeneously in relation 

to at least one of said first and second substrates, 

8- The liquid crystal display device according to any 
one of Claims 1 to S, wherein liq^.id crystal molecules in 
said liquid crystal layer align homeotropically in relation 
to at least one of said first and second substrates. 
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""^^ '''''^'^ '^^Xstal disDUy dov^c= -• 

one of the prece-'-nn ■ ' 
t-iecea^ng claims. w^-P-r.ir. i • 

w.-e*ein Iiau'>d r'^^^c-a' « t 

jr- a.e arranged in tilt-d s^--^-^^^ . 
in relation to at ^o-^^ -^v^-inent 

one Of said first and second 

substrates. 



iO- The liquid c>-vs^A^ w,- , 

c-ysta. display device according to a^v 
°ne Of claiir.s 1 to 8, ww^.-n . 

'"''^ "-^^-^^^^ nolecules in 
said Uquid crystal lave^ a^e . ■ 

a-e a-ranged in twisted alig-ne-^t 
m relation to at lPA^^ ■^ig^-ne..t 

-^^^^t one of said fi-s- a-n o 

" AA-s^ a.id second 

substrates. 

The liouid c.«-.i ... 

relation t ^°'»°9eneously i„ 

elat.on to one substrate of said first and 
^nw T '^^^ second subst-a^es 

^"<^ align hoaeotropicaliy m r.l.^- 

-^--^e Of 

rirst and second substrates. 

12- The liquid crystal d^s-i-u w ■ 

a.s^T^y device acco-din^ i- 
one of the preceding cl-i™ -^o.dxng tcr any 

-viing cicims, wherein 

" said pyrancse polymer 
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includes at least cr.e ccr.stituent selected fron the crou? 
consisting of photo-ser.sitive constituents and ncn-photo- 
ser.sitive ccnstitusr.ts. 

13. The Liquid crystal display device according to claix. 12, 

. - .^--^_=a-s<^< v» cor.s-ituenc is a cinr.sscyl 

derivative . 

. d-:s-iay device according zc claisv 13, 

14. The liquid crys-«i c^s-.a/ 

. . . de-'vative includes az leas" one 

wherein saic cin.nesioyi ce--vs,- 

- hvd''ccen, fluorine, 

, ^-^H *-ar r'-e crouo consisting c- ny— 
verier selected a-.O' - - 

ch] 



»-K„i t^i f T uorcKvetncxy, Cv-:.-.-'.' 

^.,ain flucrcaetnyi, c — 
hlcrine, cyano, t »- 

^ ^ '•.r wherein n is 1 to IC - 



15. The liquid crystal display device according to 
claim 12, 13 or 14, wherein said non-photo-ser.sitire 
constituent is an ester derivative. 

IS. The liquid crystal display device according to cUi. 15. 
wherein said ester derivative is » " * 



and n is 1 CO 10. 
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17. The liquid crystal display device according zo claisi 1, 
wherein said pyrar.ose pclyrr.er is 



ROCHt 



and 




OR CH^OR 



wherein n is 10 to 10,000; 

R is selected from the crcup consiszinc of C-C.H>.. 

O 



-C-CH=CH- 




-k 

X2 



n is 1 CO 10; 

Xj and Xj are each selected from the group consisting 
of hydrogen, fluorine, chlorine, methyl and mechoxy; 
Jc is 0 to 1; and 

Y is selected from the group consisting of hydrogen, 
fluorine, chlorine, cyano, trifluorcmethyl, trif luorcaiethoxy, 
CvK:„..t and OC„.Kj,..;, wherein n' is 1 to 10. 



18. The liquid crystal display device according to claim 17» 
wherein said pyranose polymer has 0 to 2 
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" const Lz'^&r.Z" /^-.«» 

Q .... one cxucopyra.-.cse rir.c, a-c n is 



CO 10. 

19- The liquid crystal display device according to anv 
one Of the preceding claims, wherein said pyranose poly.er is 
cellulose ^-flucrocinnamate. 

20. A liquid crystal display device, comprising : 

firsc and seccnc substranes ; 

a first alig.._^e..t layer including fura.-.cse polynsr on 
said first substrate and 

a liquid crystal layer between said first a.nd seco.^.d 

subscratss . 

21, The liquid crystal display device according to clai., 20, 
further comprising a second alignnent layer on said 
second substrate. 

22. The liquid crystal display device according to claia 21, 
Wherein said second alignment layer includes a material 
selected from the group consisting of pyranose polynier, furar.ose 
polyaer, polyvinylcin.namate, polysiloxanecinnamate. 
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silicondio.xide. 



Th. n^id crystal di.pUy .e.ice ae.ordinc to 
crystal aay,. , ^^^^^^^^^^ 

24. The liouid crvi-ai i 

- ° crj^s.al display device according to 

claim 20, 21 nr- 

or 2J. jj^,^ ^^^^^^^ ^^^^^ 

cry«ax uye.- ^as a ne.atWe ^.lectric aMsot.-opy. 

The X.^i. „,3tal ...p,,, ^ 

' U^.. ^„ ^^^^ ^ 

crystal Uyar o„ each donatn. 



26. The liquid e'rvs*-;*? ^ 

. crystal display device according to any 
one of claims 20 to 25 - 

" ''fierem liquid c-/s-ai m«i 

^ ^-/Swai_ molecules in 
said liquid crystal layor alian h.„, 

^^^9n homogeneous against said 

first or second substrate. 
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2-7. The liquid crystal display device according to any 
one of claims 20 to 25, wherein liquid crystal molecules in 
said liquid crystal layer align hcmeotropic against said 
first or second sufcstrats. 

28. The liquid crystal display device according to any 
one of claims 20 to 27, wherein liquid crystal molecules in 
said liquid crystal layer align tilted against said first or 
second substrate. 

29. The liquid crystal display device according to any 
one of claims 20 to H, wherein liquid crystal molecules in 
said liquid crystal layer align twisted against said first or 
second substrate. 

30. The liquid crystal display device according to any 
one of claims 20 to 25 or 28 to 29, wherein liquid crystal 
molecules in said liquid crystal layer align homogeneous 
against one substrate of said first and second substrates and 
align homeotropic against the other substrate. 
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31. The Liquid crystal display device according to any 
one of claims 20 to 30, wherein said furancse polynier 
comprises photo-sensitive part or ncn-photo-ser^sitive part. 

32. Tne liquid crystal display device according zc clai.- 21, 

wr.srair. said chctc-ser.si wive parz is selected from che 
group consisting of cinnamoyl derivatives. 

33. 7r.e liquid crystal display device according cc clai.Ti 22, 

wherei.*: said cinnancyl cerivacive includes hydrogen, 

fluorine, chlorine, cyano, criiluoror.echyl, crifluorc-echoxy, 

CnH:.,.;. OC„K.,.:, phenyl, or C^K^OC^r..^,^ (n is I to 10), 

f 

34. The liquid crystal display device according to 
claim 31, 32 or 33, wherein said non-photo-sensitive part is 
selected from the group consisting of ester derivatives. 

35. The liquid crystal display device according Co claia 34, 



wherein said ester derivatives is 

O 



(n is 1 to 10) . 

36. An alignment layer for a liquid crystal display 
device, wherein the alignment layer includes a pyranose 
polymer and/or a furanose polymer, 
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37. A liquid crystal display device substantially as 
hereinbefore described with reference to and/or substantially 
as illustrated in any one of or in any combination of the 
accompanying drawings. 

38. An alignment layer for a liquid crystal display 
device, substantially as hereinbefore described with 
reference to and/or substantially as illustrated in any one 
of or in any combination of the accompanying drawings. 
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A irOUTO CRYSTAL DiSPLAY QSViCH 

The prsser.c inve.-.ricn ralacas =c a liquid cryscai displav 
device, and mere particularly a liquid crys-al display csvica 
havir.g a ph2"c-aligr_.T.er.; laver. 

It: is generally knowp. chac a liquid crystal consists of 
anisocropic moiecuiss. Tlie average dirsccicr. of the long axes of 
liquid crystal molecT^las is called the director of the liquid 
crystal. The director distribution in a liquid crystal is 
deter=iined by the anchoring energy on a substrate, and is 
characterised by a cir-ctor corrasponding to a niir.iaum of the 
surface energy of the liquid crystal and the anchoring energy. 
The ciractor is rearranged by an electric field generated during 
operation of a liquid crystal display device (LCD) . Aii LCD 
comprises two opposed substrates having liquid crystal 
therebetween . 

In general, to obtain uniform brightness a.nd a high contrast 
ratio, it is necessary to align t.he liquid crystal molecules 





unifcrrmiy in Che liquid crystal cell. Several techniques have 



been proposed using pclymers to obtain single or mono -dCiT.ain 
hcnoceneous alignment of liquid crystals. Particularly, it is 
known that polyi.T.ide or cclysiloxane-based rriaterials have high 
quality and good therruos tabilicy . The most common technique 
employed as an alignment method to obtain a mono-domain liquid 
crystal ceil involves forming microgrooves on the surface of the 
alignment polymer, which provides strong anchoring and stable 
alignment. In the above-mentioned technique, known as the 
rubbing method, a substrate coated with an align:nent polymer is 
rubbed with a cloth. The rubbing method is a rapid method which 
can be applied to large scale LCDs, and thus is widely used in 
the "industry. 

The rubbing method, however, has several serious drawbacks. 
Because the shape of the microgrooves formed on the alignment 
layer depends on the rubbing cloth and rubbing intensity, the 
resulting alignment of the liquid crystal is often heterogeneous, 
causing phase distortion and light scattering. Further, an 
electrostatic discharge (ESD) generated by rubbing of the polymer 
surface further generates dust con ta.mination in an active matrix 
LCD panel, decreasing production yield and dam.agi.ng the 
substrate. 
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In order to solve cr.ese prcbiems/ a phocc-aiicn-enc nechcd" 
has been proposec using £ poiarized ulrravioiec iich:: irradiated 
onco a phocosensicive pclymer no chctc-pclymerize the poiymer (A. 
Dyacyusha, V. Koienkcv ez al . , C/;cr. Fir. Zharn,, 36 (1991) 1059 ; 
W. M. Gibbons et al . , :Var-jre, 351 (1991)' 49 ; M. Schad" et ai . , 
Jpn. J, Appl. Phys., 31 (1992) 2155 ; T, Ya . Marusii & Yu . A. 
Reznilcov, ^fol. Mat., 3 (1993) 161 ; E? 0525478 ; and U.S, Patent 
No. 5,538^823 - a polyvinyl-f iuoro cinnamate patent). The 
alignment capability of the photosensitive polymer is determined 
by the anisotropy of the photosensitive polymer, which is induced 
by ultraviolet light irradiation. 

In the photo-alignment method, an alignment layer is given 
an aligr^ment direction by irradiating" a substrate coated with a 
photo-alignment material with a linearly polarized UV light. The 
photo-alignment layer comprises a polyvinyl cinnamate-based 
(?VCN) polymer, and as linearly polarized UV light is irradiated, 
the polymer photo-polymerizes through cross-linking . Cross- 
linking is generated among the polymers by the UV light energy. 

In terms of the direction of the photo-polymers, the 
alignment direction of the photo-alignment layer has a specific 
direction in relation to the polymerization direction of the 
linearly polarized UV light. The alignment direction of the 




phoco-aiigninenc iisyer is determined by the cireccion cf the 
photo-poiymers . The preciic angle of the phcto-alic-men t layer 
is determined by the incident direction and the irradiating 
energy of the irradiated uV light. That is to say, the pretilt 
angle direction and the pretilt angle of the photo-alignment 
layer are deterrr.ined by the polarized direction and the 
irradiating energy of the irradiated UV light. 

With regard to photo-alignment, a polarizer is rotated in an 
arbitrary angle on each domain o.f the LCD. Then, in response to 
irradiating UV light, the polarization direction is changed, 
whereby a multi -domain LCD cell is achieved with multiple domains 
having different alignment directions in relation to each cther. 

' The phoco-alignment method, however, has several drawbacks. 
For example^ it is impossible to apply on a wide scope. Most 
importantly, low photo-sensitivity of the photo-alignment 
material results in reduction of anisotropy and thermostability. 

UV light irradiation- takes a long, time using conventional 
techniques, -from approximately 5 to as long as 10 minutes. Low 
photo-sensitivity and small anisotropy make the anchoring energy 
of the final photo-alignment layer weak. Moreover, when the 
liquid crystal is injected into the LCD, it is required that the 
injection be made at a high tempera ture . Low thermostability 



induces a flowing effect on the substrates, which can be observed as a ripple 
pattern in the liquid crystal upon injection between the substrates. Finally, 
disclination owing to the uniform ahgnment of liquid crystals remains as a 
problem to be solved. 

Accordingly, the present invention is directed to a LCD that substantially 
obviates one or more of the problems due to limitations and disadvantages of 
the related art. 

An object of the present invention is to provide an LCD having good 
thermostability and photo-sensitivity. 

The liquid crystal display device of the present invention comprises first and 
second substrates, an alignment layer including a pyranose or a furanose 
polymer on at least the first substrate, and a liquid crystal layer between the 
first and second substrates. 

The liquid crystal display device of the present invention preferably comprises 
a second alignment layer on the second substrate. The second alignment layer 
includes a material selected from pyranose polymers, furanose polymers, 
polyvinyl cinnamate, polysiloxane cinnamate, polyvinyl alcohol, polyamides, 
polyimides, polyamic acid and silicone dioxide. 

In one aspect the present invention provides an alignment layer for a liquid 
crystal display device, wherein the alignment layer includes a pyranose 
polymer and/or a furanose polymer. 
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Po, a beue. understanding ot .he present invention, en,bodimen.s wiU now be 
Llribed by w., e.a™pie, witK reCetence to the accon.pa„ying dtawng. 

in which: 



1 

Fig. 1 illustrates the synthesis of a cellulose cinnamate according to an 
embodiment of the present invention; 

Fig. 2 schematically illustrates an embodiment of a system of light irradiation 
of a photo-alignment layer in accordance with the present invention; and 

Fig. 3 is a sectional view of an embodiment of a liquid crystal display device 
according to the present invention. 

Reference will now be ma Je in detail to the preferred embodiments of the 
present invention, examples of which are illustrated in the accompanying 
drawings. 

A liquid crystal display device of the present invention will now be explained 
in detail in conjunction with the accompanying drawings. 

The pyranose or furanose polymer included in the first alignment layer serves 
as a photo-alignment material. 

According to an embodiment of the present invention, in order to enhance the 
sensitivity of a photo-alignment layer for a liquid crystal device and obtain 
thermostable anchoring of the liquid crystal, a cellulose cinnamate (CelCN) is 
used as the photo-alignment m.aterial. Several different forms of CelCN 
suitable for use in the present invention are obtained as derivatives of cellulose 
or cellulose acetate and cinnamoyl chloride having various substitution ratios. 



® 
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Pyranose polymers suitable for use in che pressnc invenciop. 
are characcerized by zhs following chemical formula: 
. ROCH, RO OR 



>— o 

RO OR CH2OR 
wherein m is 10 zo 10,000; 

R is least one" x-?.er:±)er selected from the croup consisting 

of C C*» H I and 
II 
O 




X2 



n is 1 to 10; 

X. and X; are each - selected from the group consisting of 
hydrogen, fluorine, chlorine, methyl and methoxy; 
k is 0 to 1; and 

Y is seleczed from the group consisting of hydrogen, 
fluorine, chlorine, cyano, trif luorome thyl , t ri f lucrome thoxy , 
Cn'H2„',: snd 0C„,H2„..,, wherein n' is 1 to 10. 

In a particularly preferred form of the invent.ion, the 




alignment: layer is characterized by C to 2 if 

o 



conscituents per cluccpyrancse rinc, wherein n is 1 zc 10 



As is well-known in the arc, the four possible glucooyrar.os 
conformations and the four possible galactopyranpse 
conformations, each of which conformations is within the scope c 
the terms cellulose and cellulose acetate as used in the present 
invention, are illustrated by the following formulas: 




c^-L-Glucopyranose c-D-Glucopyranose ^-L-Glucopyranose ^-D-Glucopyrar.cse 




cr-L-Galactopyranose a-D-Galacrooyranose ^L-Galacropyranose /7-D-Galactcpyranose 



Fig- 1 shows the synthesis of a cellulose cinnamate 
according to an embodiment of the present invention, A cinnamic 
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acid is first prepared by reaccinc a benzaicehyde wich naalcr.ic 
acid in pyridine and piperidine. The cinnariic acid is then 
reacted with thionyi chloride to produce a cinnamcyl chloride 
derivative. The CelCN is finally syntihesired by reacting 
cellulose, or cellulosa acetate, with the cinnarnoyl chloride 
derivative in an inert solvent (such as chloroform, ni crobenzene , 
chlorobenzene , or the like) . The reaction mixture is diluted 
with methanol, filtered, dried in a vacuum, and niilled by a 
vibrating mill, whereupon, the CelCN is obtained. 

h process of forming an alignment layer according to an 
embodiment of the present invention comprises the following three 
s teps . 

First, a polymer solution is prepared using chloroform 
{CHCl3)as a solvent. The concentration of the polymer determines 
the ultimate thickness of the alignment layer on the LCD 
substrates. To, form a film having a thickness of approximately 1 
ptm, a CelCN solution of 10 g/1 is selected for coating the 
substrate . 

Second, a drop of the CelCN solution is placed in the center 
of the substrate using a measuring, pipette, followed by spin- 
coating while centrif ugir.g at a rotation speed of 3000 rpm for 30 
seconds. The produced film is immediately prebaked at 180 **C for 



li 



1 hour. 

Third, the initially isotropic polyn'.er fii.T. is irracLiarec 
with polarized UV lich" having a wavelength \ below 3 55 nn to 
render it anisotropic, wich either a positive or a negative 
dielectric. The irradia-ion time is more than 5 seconds, and the 
intensity of av light is about 5 ruW/cm-, 

rig, 2 iilusnrates a scheme of light irradiation of a phcto- 
alignmenr layer of the present invention . 

As shown in Fig. 2, an embodiment . of the light irradiating 
procedure' utilizes a substrate 100, a photo-alignment layer 50 
including a CelCN on substrate 100, a lam? 10 for irradiating UV 
light over photo-alignment layer 50, and a polarizer 30 for 
polarizing the light irradiated from lam? 10. 

Lamp 10 is a Halogen (Hg) lamp. Light having an average 
power of 500 W is transmitted from a lens of the halogen lamp, 
polarized by polarizer 30, and irradiated onto photo-alignment 
layer 50 at a power of 5 mW/cm^ for about 0,5 to about 180 
secondSr more preferably about 0.5 to about 60 seconds, and most 
preferably about 3 to about 60 seconds. 

The alignment obtained from the CelCN polymeri; of the 
present invention has a stronger anchoring energy compared with 
the alignment obtained from conventional photo-alicnmenr 
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materials. The values cf che anchoring energy of CelCM versus 
typical prior art pho-c-alicn.-?.ent materials, including polyvinyl 
f luorocinnamate (PVCN-F) and polysiloxane cinna.T.ate (PSCN), have 
been measured. The results are shown in the following TABLE 1: 



TABLE 1 



Matierial 

1 


Ir-adiat:ion Time 
(seconds) 


Anchorirvg Energy 
(exg/c3-) 


1 cellulose 4- 
1 f luorocinnamate 


5 


greater than 10*^ 


j cellulose 4- 
f luorocinnamate 


300 


greater than 10'- 


polyvinyl- 
f luorocinnamate 


5 


3 X 10-" 


polyvinyl- 
f luorocinnamate 


300 


10-2 


polys iloxane- 
cinnamate 


5 


bad alignments- 
measuring failure 


polys iloxane- 
cinnamate 


300 


5 X 10-^ 



To estimate the thermpstability of the CelCN, the quality of 
the alignment layer was checked using an electro-optical 
technique.. Electro-optical response, in terms of cell 
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transparency ratio between crossed and parallel polarizers, 
anchoring energy and s-rface density cf the alignment layer were 
each measured in a twisted ne-\atic (TN) cell containing sa.-nples 
cf the CelCN layers. The cill was heated to about 120 and 
kept at this temperature for 4 hours. After cooling the sa.-ples 
to room temperature, it was revealed that the performance 
characteristics were naintainevd unchangeably. 

Among its other advantages, the present inve.ntion thus 
significantly reduces CJV irradiation time. Whereas prior art 
photo-alignment techniques involved QV irradiation for anywhere 
from 5 to 10 minutes, the present invention provides a method 
which successfully achieves photo-alignment using UV irradiation 
in anywhere from about 0.5 seconds to one minute. 

Preferred embodiments of the present invention will now be 
described in further detail. It should be understood that these 
examples are intended to be illustrative only and that the 
present invention is not limited to the conditions, materials or 
devices recited therein . 

EXAMPU:: 1 

" Synthesis cf 4-f luorocinnamic acid - 




A mixture of 0,1 mci 4-f iucrobenzaicehyce , 0.15 r\ol :r.alor.L 
acid, and O.I ml piperidine in 30 ml cvridine is coiled for 10 
hours, cooled, and treated wich 150 ml HCl having a 10 % 
concentration. The precioitate is filtered and crvstallized wi 
ethanol. The yield cf 4 -f luorocinnamic acid is cS % and zhe 
melting point is 211 . 

The following compounds are synthesized in a sli'ai.lar manne 

2- fluoro cinnamic acid; 

3- fluoro cinnamic acid; 

3- chloro cinnamic acid; 

4- chloro cinnamJ.c acid; 
2-methyi cinnamic acid; 
4-phenyl cinnamic acid; 

4 -met ho xy cinnamic acid; * 
4-pentoxy cinnamic acid; 
4-heptyloxy cinnamic acid; 
4-nonyloxy cinnamic acid; 
4- ( 4-pentoxyphenyl) cinnamic acid; 
4-trif luoromethoxy cinnamic acid; 
4-trif luoromethyl cinnamic acid; 
4-pentyl cinnamic acid; and 
4-methoxy-3-f luorocinnamic acid. 
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EXAMPLE 2 

- Synthesis of csiiulose cir.nanatie - 

A mixture of 0.05 rr.ol cinna.^oyl chloride (prepared from a 
cinnamic acid produced in Example 1, an excess of thionyl 
chlorz.de, c-.nd catalytic quantities of dimethyl formamice) , 0.01 
mol cellulose, and 0,04 mol pyridine in 20 ml nitrobenzene is 
heated for 24 hours at 120 cooled, and diluted with methanol. 

The reaction product is filtered, washed with methanol and water, 
dried in a vacuum, and subsequently milled by a vibrating mill . 

Pyranose polymers are produced in the above manner using 
each of the cinnamic acids produced in Example 1. The yield of 
cellulose cinnamate -is approximately 65% to 92%. Thin layer 
chromatography (TLC) reveals there is no cinnamic acid in the 
reaction products . 

EXAMPLE 3 

- Synthesis of cellulose acetate cinnamate - 
A mixture of 0.03 mol cinnamoyl chloride (prepared from a 





cinnamic acid producer ir. Exau.ple i, an excess cf chicr.yl 
chloride, and cacaiytic cuancicies cf dir.e-hyi fcr^.a-i^e}, O.Cl 
mol ceiiulose acecate, ar.d 0.G3 rr.ci pyridine in 2G rr.l chlcrcfcr- 
is boiled for 24 hours, cooled, and diluted wich me-hancl. The 
reaction product is filtered, ^^-ashed with methancl and water, 
dried in a vacuum, and subsequently rr.illed by a vibrating niill. 

Pyranose acetate pclyrAers are produced in the abc*v-e iT.anner 
using each of the cinnaniic acids produced in Exarr.ple 1. The 
yield of cellulose acetate cinnanate is approxirna t ely 65% to 92%. 
Thin layer chroir.atocraphy (TLC) confir-is ehere is no cinnaxic 
acid in the reaction products. 

Fig, 3 is a sectional view of an en±>cdiraent of a liquid 
crystal display device of the present in.vention. 

As shown in Fig. 3, the LCD comprises first and sacor^d 
substrates 100 and 101, respectively, a thin film transistor 
(TFT) 70 on first substrate 100, a first alignment layer 50 
formed entirely over TFT 70 and firsts substrate 100, a second 
alignment layer 51 formed on second substrate 101, and a liquid 
crystal layer 90 injected between first and second substrates 100 
and 101- 

First and/or second alignment layers 50, 51 include a 
pyranose or furanose polymer, for example the CelCN shown in Fig • 
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1. The CelCN provides good uniform aiicr.ner.- in a shore 
irradiacion time. For exa.-nple, irradiacion for as lizzie as 0.5 
seconds gives a scabie aiigr.nenc. 

The pyranose and furanose pciyr-.ers preferably cor-.prise co-.h 
Photo-seasitive oonsti.uencs and non-photo-sens icive cons.i-.uenr 
which are composited in a specific ratio. The pyranose and 
furanose polymers can be composited with only one constituent 
from each of photo-sensitive end non-photo-sensitive 
constituents, or one or more different photo-ser.sitive ar.d/cr 
non-photo-sensitive constituents . 

Suitable photo-sensitive constituents for use in the 
pyranose and furanose polymers of the present invention include 
an array of cinnamcyl derivatives, which can include substituents 
such as hydrogen, fluorine, chlorine, cyano, trifiuorcmethyi, 
trifluoromethoxy, c„.K,,..„ OC„.H,,..„ phenyl and C,H,OC„.K,„..„ wherein 
n' is 1 to 10. 

Suitable non-photo-sensitive constituents for use in the 
pyranose and furanose polymers of the present invention include 

various ester derivatives, such as " C-C-H...^ wherein n is 1 to 

0 
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When UV light is irradiated onto the first and/or second 
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alignment layers at least: once, the alignment angle, the 
alignment direction thereof, the pretilt angle and the pretilt 
angle direction thereof are determined and alignment stability of 
the liquid crystal is achieved. 

As the light used in the photo-alignment method, light in 
the UV range is preferable. It is not advantageous to use 
unpolarized light, linearly polarized light, or partially 
polarized light . 

Moreover, it is contemplated as within the scope of the 
present invention that only one substrate of the first and second 
substrates be photo-aligned using the above-described method 
while the other substrate is not so treated. If both substrates 
are photo-aligned, it is -within the scope of the invention that 
the other substrate be treated with polyamide or polyimide as the 
alignment material and that the alignment be accomplished by 
prior art rubbing methods. It is also possible to use a photo- 
sensitive material sach as polyvinyl cinnamate (PVCM) or 
polysiloxane cinnamate (PSCN) as the alignment material for the 
other substrate and accomplish the alignment using photo- 
alignmemi methods. 

As to the nature of liquid crystal layer 90, it is possible 
to align the long axes of the liquid crystal molecules parallel 



wich Che firse a-d secor.c subscra-as zo procuca a hc.-cceneous 
alignment. It is aisc possible cc align Che long axes of ci-.e 
liquid crystal moleciiles perpenbic^i a r cc che first ar.c seccr.b 
substrates to achieve a hc-ectrcpic a 1 igr.n-.ent . Mcrecver, i- is 
possible to align the long axes cf the liquid crystal rr.clecules 
with a specific predeterniined ancle ir. relation to the 
substrates, with a tilted aiignx.ent in relation co the 
substrates, with a twisted aligr--.ent in relation to the 
substrates, or in an alignment parallel co one substrate and 
perpendicular to che other substrate to proTride a hybrid 
homogeneous -homeotropic aligr_-:ient . It is thus essentially within 
the scope of che present invention to apply any mode cf aligniiient 
of -the liquid crystal .-r.clecules in relation to the substrates as 
may be desired, such choices being apparent co one of ordinary 
skill in the arc. 

The first and/or second alignment layers can be divided 
into two or more do.'aains by creating different directional- 
alignments of the liquid crystal molecules on each domain in 
relation to the direction of the substrates. .Accordingly, a 
multi-domain LCD such as a 2-domain LCD, a 4-domain LCD, and 
so on can be obtained, wherein the liquid crystal molecules 
in each domain are driven differently. 
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An LCD made in accordance with the embodiments is characterized by 
excellent thermostability. It is thus possible to inject the liquid crystal into the 
liquid crystal device at room temperature while preventing and avoiding any 
Cowing effect from generating, as occurs in conventional techniques. 
Furthermore, the photo-alignment layer of the embodiments possess excellent 
photosensitivity, adhesion, and strong anchoring energy. As a result, it is 
possible to align the liquid crystal effectively and increase alignment stability 
of the liquid crystal. 
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1. A liquid crystal display device, comprising: 
first and second substrates; 

a first alignment layer including a pyranose polymer on said first 
substrate; and 

a liquid crystal layer between said first and second substrates. 

2. The liquid crystal display device according to claim 1, further 
comprising a second alignment layer on said second substrate. 

3. The liquid crystal display device according to claim 2, wherein said 
second alignment layer includes a material selected from pyranose polymers, 
a furanose. polymers, polyvinyl cinnamate, polysiloxane cinnamate, polyvinyl 
alcohol, polyamides, polyimides, polyamic acid and silicon dioxide. 

4. The liquid crystal display device according to claim 1, 2 or 3, wherein 
liquid crystal in said liquid crystal layer has a positive dielectric anisotropy. 

5. The liquid crystal display device according to claim 1, 2 or 3, wherein 
liquid crystal in said liquid crystal layer has a negative dielectric anisotropy. 

6. The liquid crystal display device according to any preceding claim, 
wherein at least one of said first and second alignment layers is divided into 
ai least two domains, for driving liquid crystal molecules in said liquid crystal 
layer differently on each domain. 
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7. The liquid crystal display device according to any preceding claim, 
wherein liquid crystal molecules in said liquid crystal layer align 
homogeneously in relation to at least one of said first and second substrates. 

8. The liquid crystal display device according to any of claims 1 to 6, 
wherein liquid crystal molecules in said liquid crystal layer align 
homeotropically in relation to at least one of said first and second substrates. 

9. The liquid crystal display device according to any preceding claim, 
wherein liquid crystal n^olecules in said liquid crystal layer are arranged in 
tilted alignment in relation lo at least one of said first and second substrates. 

10. The liquid crystal display device according to any one of claims 1 to 8, 
wherein liquid crystal molecules in said liquid crystal layer are arranged, in 
twisted alignment in relation to at least one of said first and second substrates. 

11. The liquid crystal display device according to any of claims 1 to 6, 9 
and 10, wherein liquid crystal molecules in said liquid crystal layer align 
homogeneously in relation lo one substrate of said first and second substrates 
and align homeotropically in relation lo another substrate of said first and 
second substrates. 

12. The liquid crystal display device according to any preceding claim, 
wherein said pyranosc polymer includes at leal one photo-sensitive constituent 
and at least one non-pholo-sensitive consiiluent. 

13. The liquid crystal display, device according to claim 12, wherein said 
pholo-sensitive constituent is a cinnamoyl derivative. 
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14. The liquid crystal display device according to claim 13, wherein said 
cinnamoyl derivative includes at least one member selected from hydrogen, 
lluorine, chlorine, cyano, trilluromethyl, irinuromelhoxy, C„H2„.i, 0C„H2n+i. 
phenyl and QH^OC^H,,,^,, wherein n is 1 to 10. 

15. The liquid crystal display device according to claim 12, 13 or 14, 
wherein s'aid non-photo-sensitive constituent is an ester derivative. 

16. The liquid crystal display device according to claim 15, wherein said 
ester derivative is C— CnHzn-i 

O 

and n is 1 to 10. 

17. The liquid crystal display device according to claim 1, wherein said 
pyranose polymer is 




RO 



OR 



CH^OR 



wherein m is 10 to 10,000; 

R is selected from C— C«H 



n is 1 lo 10; . 

and X. arc each selected from hydrogen, lluorinc, chlorine, meLhyl and 
metlioxy; 
k is 0 lo 1; and 

Y is selected from hydrogen, Huorine, chlorine, cyano, irifluromelhyl, 
irinuoromelhoxy, C^.H^n. + i and OC„,H2n, + i, wherein n' is 1 to 10. 

IS. The liquid crystal display device according lo claim 17, wherein said 
pyranose polymer hi\s 0 to 2 C — C^Hzn-i constituents per 

O 

glucopyranose ring, and n is 1 to 10. 

19. The liquid crystal display device according to any one of the preceding 
claims, wherein said pyranose polymer is cellulose 4-nuorocinnamate. 



20. A liquid crystal display device, comprising: 
first and second substrates; 

a first alignment layer including furanose polymer on said first 
substrate; and 

a liquid crystal layer between said first and second substrates. 

21. The liquid crystal display device according to claim 20, further 
comprising a second alignment layer on said second substrate. 

22. The liquid crystal display device according lo claim 21, wherein said 
second alignment layer includes a material selected from pyranose polymers, 
furanose polymers, poly vinylcinnamate, plysiloxanecinnamatc, 
polyvinylalcphol, polyamides, polyimides, polyamic acid, and silicon dioxide. 



23. The liquid crystal display device according to claim 20, 21 or 22, 
wherein liquid crystal in said liquid crystal layer has a positive dielectric 
anisotropy. 

24. The liquid crystal display device according to claim 20, 21 or 22, 
wherein liquid crystal in said liquid crystal layer has a positive dielectric 
anisotropy. 

24. The liquid crystal display device according t claim 20, 21 or 22, 
wherein liquid crystal in said liquid crystal layer has a negative dielectric 
anisotropy. 

25. The liquid crystal display device according to any one of claims 20 to 
24, wherein said first or second alignment layer is divided into at least two 
domains, to drive differently liquid crystal molecules in said liquid crystal 
layer on each domain. 

26. The liquid crystal display device according to any of claims 20 to 25, 
wherein liquid crystal molecules in said liquid crystal layer align homogeneous 
against said first or second substrate. 

27. The liquid crystal display device according to any of claims 20 to 25, 
wherein liquid crystal molecules in said liquid crystal layer align homeotropic 
against said Hrst or second substrate. 

28. The liquid crystal display device according to any of claims 20 to 27, 
wherein liquid crystal molecules in said liquid crystal layer align tilted against 
said first or second substrate. 



29. The liquid crystal display device according to any of claims 20 lo 27, 
wherein liquid cryslal molecules in said liquid crystal layer align twisted 
against said lirsl or second substrate. 

30. The liquid cryslal display device according to any ol" claims 20 to 25, 
28 and 29, wherein hcfuid crystal molecules in said liquid crystal layer align 
homogeneous against one substrate of said L'irst and second substrates and align 
homeotropic against the other substrate. 

31. The liquid crystal display device according to any of claims 20 to 30, 
wherein said furanose polymer comprises at least one photo-sensitive part and 
at least one non-photo-sensiiive part. 

32. The liquid crystal display device according to claim 31, wherein said 
photo-sensitive part is selected from cinnamoyl derivatives. 

3. The liquid crystal display device according to claim* 32, wherein said 
cinnamoyl derivative includes hydrogen, fluorine, chlorine, cyano, 
trilluoromethyl, irilluoromethoxy , C„,H2n, + i, OC.^H.n,^!, phenyl or 
QH,OC„H,„,, (n is 1 to 10). 

34. The liquid crystal display device according to claim 31, 32 or 33, 
wherein said non-photo-sensitive part is selected from ester derivatives. 

35. The liquid crystal display device according to claim 34, wherein said 

ester derivative is — C — C^Hzn-r 

W 
O 

(n is 1 to 10). 



36. An alignment layer for a liquid crystal display device., wherein the 
alignment layer includes a pyranose polymer and/or a furanose polymer. 



37. A liquid crystal display device substantially as hereinbefore described 
herein with reference to and as illustrated in the accompanying drawings. 

38. An alignment layer for a liquid crystal display device, substantially as 
hereinbefore described herein with reference to and as illustrated in the 
accompanying drawings. 



